Activation of D1 dopamine receptors increases surface expression of AMPA receptors and facilitates their synaptic incorporation in cultured hippocampal neurons.
Considerable evidence indicates that neuroadaptations leading to addiction involve the same cellular processes that enable learning and memory, such as long-term potentiation (LTP), and that psychostimulants influence LTP through dopamine (DA)-dependent mechanisms. In hippocampal CA1 pyramidal neurons, LTP involves insertion of alpha-amino-3-hydroxy-5-methylisoxazole-4-propionate (AMPA) receptors into excitatory synapses. We used dissociated cultures to test the hypothesis that D1 family DA receptors influence synaptic plasticity in hippocampal neurons by modulating AMPA receptor trafficking. Brief exposure (5 min) to a D1 agonist increased surface expression of glutamate receptor (GluR)1-containing AMPA receptors by increasing their rate of externalization at extrasynaptic sites. This required the secretory pathway but not protein synthesis, and was mediated mainly by protein kinase A (PKA) with a smaller contribution from Ca2+-calmodulin-dependent protein kinase II (CaMKII). Prior D1 receptor stimulation facilitated synaptic insertion of GluR1 in response to subsequent stimulation of synaptic NMDA receptors with glycine. Our results support a model for synaptic GluR1 incorporation in which PKA is required for initial insertion into the extrasynaptic membrane whereas CaMKII mediates translocation into the synapse. By increasing the size of the extrasynaptic GluR1 pool, D1 receptors may promote LTP. Psychostimulants may usurp this mechanism, leading to inappropriate plasticity that contributes to addiction-related behaviors.